The classical radiographic signs in acute epiglottitis are qualitative. The purpose of our study was to identify objective radiographic parameters to aid diagnosis of acute epiglottitis in Chinese adults. Methods: A case-control study of Chinese adult patients attending the accident and emergency department (AED) who were subsequently diagnosed to have acute epiglottitis from 1st January 2009 to 31st December 2013 in a public hospital in Hong Kong. Controls were one-to-one age-and sex-matched patients who attended the AED during the study period for orthopaedic problems with cervical spine radiographs taken. Cases and controls were retrieved from the hospital computer system and their radiographs were interpreted by two specialist radiologists with various pharyngeal and laryngeal parameters, including the dimensions of the third cervical vertebral body, epiglottis, aryepiglottic fold, hypopharynx, retropharyngeal soft tissue and retrotracheal soft tissue, measured and analysed. Sensitivity, specificity, positive and negative likelihood ratios were calculated for each of the parameters. Results: Twenty-six patients and 26 age-and sex-matched controls were included in the study. Epiglottis width of 5.5 mm or more was found to be 96.2% sensitive and 100% specific in diagnosing acute epiglottitis. Positive and negative likelihood ratios were infinity and 0.04 respectively. Aryepiglottic fold width of 5.9 mm or more was 92.3% sensitive and 80.8% specific. 
Introduction
Acute epiglottitis is an infection of the supraglottic structures, including the base of tongue, epiglottis, vallecula, arytenoids and aryepiglottic (AE) folds, 1, 2 with potential risk of upper airway obstruction and death with mortality rate of 0.6-50%. [3] [4] [5] The commonest causative organism is H. influenzae type B. With the introduction of effective vaccination, the incidence of acute epiglottitis has become rare in children and nowadays adults are more commonly affected than children. 2, 3 The quoted incidence in adults is 1-2 per 100,000 per year but there is no local figure in Hong Kong. 2, 4, 6 The symptoms and signs of acute epiglottitis in adults are often less severe and the clinical course is more indolent because of the larger diameter and more rigid structure of the airway in adults than in children. 7, 8 Direct visualisation of the epiglottis with indirect or flexible laryngoscopy remains the gold standard of diagnosis. Computed tomography (CT) of the neck region is useful to confirm the diagnosis when adequate laryngoscopic examination cannot be performed. 9 However laryngoscopic examination requires expertise and CT may not be readily available in emergency settings. Lateral neck radiograph is low-cost and readily available and is often used as a screening tool in the emergency department for suspected acute epiglottitis. Many qualitative radiographic features have been reported as useful signs to diagnose acute epiglottitis. These include the thumb sign, vallecula sign, thickened AE fold, prevertebral soft tissue swelling, and ballooning of hypopharynx. [10] [11] [12] [13] The purpose of this study was to identify objective measurable radiographic parameters for diagnosing acute epiglottitis in Chinese adults.
Methods
We conducted a case-control study of adult patients attending the Accident and Emergency Department (AED) of Kwong Wah Hospital (KWH), an acute public hospital in Hong Kong, and subsequently admitted and diagnosed to have acute epiglottitis during a period of 5 years from 1st January 2009 to 31st December 2013.
We searched the hospital database for case subjects using the Clinical Data Analysis and Reporting System (CDARS) − a computerised data retrieval system used by the Hospital Authority in Hong Kong. Patients aged 18 years or above with a discharge diagnosis of acute epiglottitis (ICD-9 diagnosis code 464.3) were identified and their demographic data and medical records reviewed by the principal author. Patients were excluded from the case subject group if they met any of the following criteria: non-Chinese ethnicity, lack of a digitised lateral neck radiograph taken during the presenting episode, lack of diagnostic confirmation of acute epiglottitis by direct visualisation or CT of the neck region, or normal appearing epiglottis found by direct visualisation or CT of the neck region.
Control subjects were recruited using CDARS to search for all patients aged 18 years or above, who attended the AED of KWH during the study period and had undertaken cervical spine radiograph (Exam code: 1501 Plain film (Spine) − Cervical spine). Matching for age in years and sex to the case subjects were then performed by deleting non-matched subjects from the control pool, followed by computer-randomised pairing of age-and sex-matched controls to epiglottitis patients in a 1:1 ratio. The principal author reviewed the demographic data, medical records, and radiographs of the selected control subjects. Patients were excluded from the control group if they met any of the following criteria: non-Chinese ethnicity, presence of clinical features of acute epiglottitis (sore throat, dysphagia, dyspnoea, hoarseness, drooling), past or current history of head and neck malignancy, presence of fracture or dislocation of the cervical spine that could distort the normal anatomy, or cervical spine immobilisation by an external device that could interfere with radiograph interpretation. Any excluded subject would be replaced by another control from the age-and sex-matched pool by repeating the same method described above.
The lateral neck radiographs of the case and control subjects were mixed and placed in a random order by computer randomisation to minimise sequential bias. The radiographs were then interpreted independently by two specialist radiologists (with 7 and 6 years of experience in radiograph interpretation, respectively) who were blinded from the demographic data and clinical information of the subjects. Parameters including the dimensions of the third cervical vertebral body width (C3W ), epiglottis width (EW ), aryepiglottic fold width (AEW), hypopharynx width (HW), retrophar yngeal soft tissue (RPS) and retrotracheal soft tissue (RTS) were measured by the radiologists using built-in digital calipers on the Centricity Picture Archiving and Communications System (PACS), a web-based clinical image storage and retrieval system developed by GE Healthcare. Precision of measurements was up to 0.1 mm.
The C3W was defined as the anteroposterior (AP) diameter of the third cervical vertebral body measured at mid-height of the vertebral body. The EW was defined as the widest AP diameter of the epiglottis measured at or above a line drawn through the epiglottitis base perpendicular to a line that bisects the vallecula. The AEW was defined as the largest width of the AE fold. The HW was the AP diameter of the hypopharyngeal air column at mid-height of the second cervical vertebral body. The RPS and RTS were the prevertebral soft tissue thicknesses at mid-heights of the third and sixth cervical vertebral bodies, respectively ( Figure 1 ). Ratios of potentially enlarged structures to a fixed internal reference (C3W) were calculated, as in Rothrock et al study, 14 to adjust for discrepancies caused by individual body size and radiographic magnification.
The measurements by the two radiologists were averaged before analysis. Continuous variables were presented as median with interquartile range. Intraclass correlation coefficient (ICC) was computed to test the agreement of the measurements made by the two radiologists. Sensitivity, specificity and a receiver operating characteristic (ROC) curve were computed and plotted for the measured parameters and ratios of the parameters with reference to C3W. Mann-Whitney U test was used for statistical analysis. A p-value of less than 0.05 was considered as statistically significant. All statistical calculations and graph plotting were done with commercially available statistical software − MedCalc for 64-bit Windows version 12.5.0.0 (MedCalc Software, Belgium). Sample size calculation was not done as this was a pilot study. Epiglottis width: denoted as E-F, the widest AP diameter of the epiglottis measured at or above a line drawn through the epiglottitis base perpendicular to a line that bisects the vallecula.
Hypopharynx width: denoted as G-H, the width of the hypopharyngeal air column at mid-height of the second cervical vertebral body.
Retropharyngeal soft tissue thickness: denoted as J-A, the prevertebral soft tissue thicknesses at mid-height of the third cervical vertebral body Retrotracheal soft tissue thickness: denoted as K-L, the prevertebral soft tissue thicknesses at mid-height of the sixth cervical vertebral body.
Results
Thirty-nine patients with discharge diagnosis of acute epiglottitis were recruited. Thirteen patients were excluded because of the following reasons: 2 patients had no digitised radiograph available in their medical record; 3 patients were of non-Chinese ethnic origin; 4 patients had no diagnostic confirmation of acute epiglottitis by direct visualisation or CT of the neck region; 4 patients were found to have normal appearing epiglottis and alternative diagnoses including parapharyngeal abscess and tonsillitis were made. A total of 26 patients (mean age: 52.9 years; range: 19-88 years; male:female = 12:14) were finally included in the study. A total of 1565 potential control subjects were found in CDARS. Twenty-six of them were randomly selected with age-and sex-matching as described in methodology. Their presenting o r t h o p a e d i c p r o b l e m a t t h e A E D i n c l u d e musculoskeletal neck and shoulder pain, minor neck injury, peripheral neuropathy, cervical radiculopathy, cervical spondylosis and limb weakness.
The mean of the measurements made by the two radiologists were used for statistical analysis. Reliabilities of absolute agreement of the mean measurements were tested by the ICC (Table 1) .
The median of all the measurements, except the AP diameter of the third cervical vertebral body (C3W), in the study group were larger than that of the control group with statistical significance, except the retropharyngeal soft tissue (RPS) thickness (Table 2) .
ROC curves of the measured parameters alone and with reference to C3W were constructed (Figures 2 & 3) . The area under the ROC curve (AUC) of the parameters and ratios with reference to C3W was computed (Tables 3 & 4) . Accuracy was classified according to convention by the size of AUC as follows: excellent (0.9-1.0), good (0.8-0.9), fair (0.7-0.8), poor (0.6-0.7) and fail (0.5-0.6).
In diagnosing acute epiglottitis in Chinese adults, epiglottis width (EW) has excellent accuracy with an AUC of 0.981. An EW more than 5.5 mm showed 96.2% sensitivity and 100% specificity. Aryepiglottic fold width (AEW) was also found to have good accuracy, although inferior to EW, with an AUC of 0.901. An AEW more than 5.9 mm showed 92.3% sensitivity and 80.8% specificity. The accuracy of the hypopharynx width (HW) was fair with an AUC of 0.762. An HW more than 16.3 mm showed 80.8% sensitivity and 69.2% specificity. The thicknesses of retropharyngeal soft tissue (RPS) and retrotracheal soft tissue (RTS) had poor accuracy in diagnosing epiglottitis as reflected in their smaller AUC, 0.627 and 0.669 respectively. The sensitivities for RPS and RTS at their statistically optimal cut-off were only 38.5% and 46.2% respectively. EW/C3W ratio was found to have excellent accuracy in diagnosing epiglottitis as reflected in the AUC approaching unity. An EW/C3W ratio more than 0.30 
Discussions
We have identified easily measurable and accurate radiographic parameters in diagnosing acute epiglottitis in Chinese adults. Several studies have been done in the past to explore objective radiographic parameters in acute epiglottitis. However the applicability of those results in Chinese population was not validated. Schumaker et al 15 reviewed the lateral neck radiographs of 6 patients aged over 18 with epiglottitis and 5 with a normal epiglottis. It was found that an EW greater than 8 mm and an AEW greater than 7 mm seemed highly suggestive of epiglottitis in adults. However the small sample size of this study limited the applicability of the criteria to daily practice.
Rothrock et al conducted a study consisted 31 patients aged 7 months to 61 years to explore objective radiological criteria to diagnose epiglottitis for all ages. 14 It concluded that ratios EW/C3W of 0.5 or more, AEW/C3W of more than 0.4 and EW/EH (epiglottis height, which was the length of the epiglottis measured from the tip to the base) of more than 0.6 were all 100% sensitive and 100% specific in diagnosing acute epiglottitis in adults. The major limitation of this study was among the 31 patients only 6 of them were adults.
Nemzek et al conducted a similar study as Rothrock et al. 16 It was found that a ratio EW/C4W (AP width of fourth cervical vertebral body) of 0.33 or more has 96% sensitivity and 100% specificity in diagnosing acute epiglottitis in adults.
There was no relevant data for Asians until Yong et al conducted a study to compare the radiological laryngeal parameters in 30 Korean adult patients with supraglottitis and 30 Korean control subjects. 17 It was found that both the sensitivity and specificity of an EW greater than 7mm were 100%. The sensitivity and specificity of an AEW greater than 4.5 mm were 83% and 100% respectively. However the applicability of these cut-offs in Chinese adults was not validated. Table 5 showed a comparison on the radiographic parameters in acute epiglottitis in adults by previous studies.
In our study, we identified that EW and the ratio EW/ C3W could be the most accurate parameters in diagnosing acute epiglottitis for Chinese adults. The optimal EW cut-off of 5.5 mm and EW/C3W cut-off of 0.3 both had 96.2% sensitivity and 100% specificity for the condition.
Thickened AE fold is one of the classical radiographic signs in acute epiglottitis. However we found that the sensitivity and specificity of the optimal AEW cut-off as well as the AUC were inferior to those of EW. This is partly because the anterior border of the AE fold is often indistinct on radiographs and measurement of the AE fold is often difficult and inconsistent among different assessors. This was reflected in the particularly lower ICC of AEW when compared with other parameters. Therefore we did not recommend the use of AEW alone to diagnose acute epiglottitis.
There were several limitations of this study. Firstly, the sample size was small. The present results need to be confirmed in larger studies. Secondly, it is possible that there were cases of mild or early epiglottitis with subtler clinical features and apparently normal radiograph, were empirically treated with antibiotics as benign conditions like pharyngitis and discharged from the AED without further confirmative investigation. Therefore our results could not reflect the diagnostic performance of the radiographic parameters in this patient group. This potential weakness was evidenced by the failure of our proposed cut-offs to correctly classify one patient, who had relatively mild symptoms and presented to the AED at about 5 hours after onset of symptoms, into the diseased group. A prospective study with inclusion of this group of patients is necessary to solve this problem. Thirdly, radiologists interpreted the radiographs in our study. In the emergency department, the attending doctor with knowledge of patient history and physical findings makes the interpretation. We are not sure whether there is any significant difference in the diagnostic performance of the parameters measured by radiologists and emergency physicians. Fourthly, the soft tissue structures may vary in size depending on the phase of respiration and radiographic technique. The recommended view for diagnosing epiglottitis is a true lateral soft tissue radiograph of the neck in extension with the patient in expiration. 8 Because of the retrospective nature of our study, the imaging position and timing of respiratory cycle could not be controlled. Query was also raised on whether differences in radiographic technique between epiglottitis cases and controls would introduce bias in this study. Currently, digital radiographs have a wide dynamic range, and many centres perform soft tissue and standard views using similar kVp (kilovoltage peak) values differing by 10% or less (70 kVp versus 75 kVp in our local setting). Following image acquisition, radiographic contrast could conveniently adjust as desired by the physician or radiographer to optimise bone or soft tissue assessment. Due to the retrospective nature and use of controls with orthopaedic problems, our study was unable to completely control for effects of the small difference in kVp used in the epiglottitis and control groups. Nonetheless, our radiologists noted no appreciable effect on the assessment of soft tissue structures in this study. Lastly, the measurements in our study were done on scaleable digital images such that the radiologists were able to report the measurements precisely up to 0.1 mm. This level of precision was unlikely achievable when the measurement was done on a conventional (hard-copy) radiograph. The applicability of our results on conventional radiographs has to be investigated.
Conclusions
We identify EW>5.5 mm, EW/C3W>0.30 as 2 objective radiographic parameters, with excellent diagnostic accuracy, that should help in the diagnosis of acute epiglottitis in Chinese adults. 
